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THE IN VITRO METABOLISM OF TESTOSTERONE BY
HUMAN SKIN*
HERBERT H. WOTIZ, PH.D., HERBERT MESCON, MI)., HAROLD DOPPEL, B.Sc.
AND HENRY M. LEMON, M.D.
Recent reports from this laboratory have indicated the participation of inaiiy
human tissues in the in vitro metabolism of testosterone (1, 2, 3, 4). The amount
of testosterone metabolism calculated on a cellular basis by means of desoxy-
pentose nucleic acid (DNA) determination is exceptionally high for breast can-
cel' and human skin tissues, as is shown in Figure 1. This report deals with the
preliminary findings of a more detailed study of testosterone metabolism by
human skin. The effects upon steroid metabolism following the quick freezing
of biopsies were determined. Samples of skin from several different body areas
were compared, particularly those areas which varied in type and in the con-
centration of dermal appendages. A comparison of metabolic rates of adjacent
biopsies was made. A preliminary comparison of the rate of metabolism between
normal and diseased skin was also attempted.
METHOD
Method ol biopsy taking
All tissues except those indicated iii Table IV were taken from normal male
volunteers (ages 22—30). The biopsies were obtained by resection of the skin
and some adherent fatty tissue with a sterile 5 or 7 mm. punch driven by a
high speed electric motor (5). No anesthesia was employed.
Incthation
All biopsy specimens except those frozen were quickly incubated aerobically
at 37.5°C. for 3 hours in a flask (ontainilig 10 ml. of Krebs-Ringer-phosphate
buffer, I mg. of 4-C'4-testosteronef (20,000 cpm/mg) in 0.1 nil, ethanol, 10,000
umiits of Penicillin G and 5 mg. of diphosphopyridnie nucleotide (DPN) iii a
waterbath while shaking.
Frozen tissues were kept overnight in the deep freeze; they were then thawed
out quickly and treated exactly as has been described above.
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Fiu. 1
Extraction
The contents of the flask were centrifuged. The aqueous layer was extracted
three times with 15 ml. of redistilled ether. The tissue residue was triturated
four times with 10 ml. of acetone. The organic layers were combined and evapo-
rated to dryness in vaeuo. The dried residue was dissolved in 50 ml. of 70%
methanol and extracted with 15 ml. of ligroin (30°—60°).
The methanolic layer was again evaporated to dryness in vacuo by use of a
Rinco rotating evaporator. The residue was then transferred to a 1 ml. volu-
metric flask by washing with several small portions of methanol. These washings
were slowly transferred into the volumetric flask, which was suspended in a
waterbath at 75° with a small air jet constantly evaporating the excess solvent.
Chromatography
Whatman 1 filter paper sheets were cut into 1 cm. strips with a common
base according to the method described by Savard (6) and dipped into a 50 %
methanolic propylene glycol solution. The strips were then thoroughly blotted
and spread between glass plates with the origin left exposed. Using a micro-
pipette and adapter, 100 X of the total 1 ml. extract in the volumetric flask was
applied to two strips for each sample. One strip was left unused as a blank for
each sheet. The paper chromatogram was then developed in a ligroin-propylene
glycol system (6) for 24 hours.
Nov-MALIGNANr TISSUES MALIGNANT TISSUES
E1
PROSTATE I MYONETHIUW I Sw. MUScLE t SKIN BREAST
ME
INTESTINE LIVER
8
8
I I I I I I 5 5 I II 222223 55 I 4No. PotientsNo. Experiments2O-I8-
¼
I4.I2-
8
TYPE OP
TISSUE
————
BREAST I BLAOOER
PROSTATE CERVIX
I
THE JOURNAL OF INVESTIGATIVE DER
n
    .   .     
u cE .  ri  r si  s iss l  i   l. f 
 ri   a ard (6) and dipped into a 50
ni
ON - MALIGNANT TISS I NANT rissues
ONETRIUM I SN, NUS&E I
N
I §§ ti
 16
10
----
I
METABOLISM OF TESTOSTERONE BY HUMAN SKIN 115
Quantitative determination
The paper chromatogram was dried in a forced hot air oven, while the paper
was carefully shielded from exposure to ultra-violet light (7). The area con-
taining the residual testosterone was spotted under an ultra-violet handlamp
(Mineralight), and the testosterone was eluted with ethanol. A portion of the
unused strip, corresponding in size to that of the paper containing the steroid,
was similarly eluted as a blank. The eluates were then read in a Beckmann DU
spectrophotometer at 240 mp and the concentration was determined from a
standard curve. Occasionally paper strips appear which give a very high back-
ground density reading in the spectrophotometer. If this situation is encoun-
tered, it is best to discard the particular strip and to rechromatograph another
aliquot of the same extract.
Radio-autography
The paper chromatographic procedure as is outlined above was repeated with
slight modifications. Instead of the 1 cm. strip, 3 cm. wide strips were used and
.5 ml. of the remaining extract was applied. The chromatogram was developed
as before, hut for 48 hours, the run-off being caught in individual beakers. The
strips were dried and mounted face up on two 14 x 17 sheets of filter paper,
(face, referring to the side of the chromatograms on which the extract was ap-
plied). The mounted sheet was then placed into an x-ray cassette and was
covered with a sheet of 14 x 17 No-screen x-ray film (Eastman-Kodak). The
radio-autogram was exposed for four weeks and then developed.
DNA analysis
The acetone-dried tissue residue was analyzed for total DNA content by the
method of Dische as it was modified by Seihert (8).
The tissue was homogenized in a glass homogenizer with a teflon pestle alter
standing overnight in 2 ml. of water and 1 cc. of 2% sodium hydroxide. One
ml. of 20% trichloroacetic acid was then added and the tube was immersed in a
waterhath at 90° .5 for 15 minutes. After this time the tube was cooled in
ice water and was centrifuged. Three ml. of supernatant were pipetted into a
19 x 150 mm. colorimeter tube and 6 ml. of diphenylamine reagent were added.
The tube was then immersed in boiling water for 10 minutes, cooled quickly
and wiped; the color intensity was then measured in a Coleman Jr. colorimeter
at 600 mp. The reading was compared against a known blank in order to deter-
mine the quantity of DNA present.
RESULTS AND DTSCUSSTON
In order to further investigate the ability of human skin to metabolize tes-
tosterone, a brief controlled study was deemed necessary. This study was to
check whether or not adjacent biopsies metabolized similar amounts of steroid
as well as to determine if they contained similar amounts of DNA.
Table I lists the results obtained from the incubation of adjacent biopsies of
back tissues from several subjects. As indicated, the variation is relatively small,
remaining within the experimental limit of error, previously determined as ±8 %.
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TABLE I
Comparison of the metabolism of testosterone by adjacent human skin seetions
Subject
1
1
1
2
2
3
3
Area
Back
Back
Back
Back
Back
Back
Back
Tissue Wgt.
mg
11.3
9.5
11.2
10.3
9.6
22.3
16.8
DNA
7
74
76
84
112
126
112
75
1'm
7
6.6
8.1
7.5
11.0
13.0
5.0
4.5
TST Met.
390
470
450
540
590
600
500
TST Met/mg.
M
6.1
7.1
6.2
5.6
5.4
6.2
7.7
TABLE II
Effect of freezing on the metabolism of testosterone by human skin
Subject Area TiSsue gt. DNA DNA/mg. TSTMet. TST Met/mg. Remarks
4 Back 6.0 84 14.0 510 7.0
4 Back 4.0 96 24.0 510 6.1 Frozen
5 Back 16.9 135 8.0 500 4.3
5 Back 11.6 77 6.6 530 8.0 Frozen
6 Back 13.6 91 6.7 480 6.1
6 Back 15.6 89 5.7 300 4.0 Frozen
2 Back 10.3 112 11.0 540 5.6
2 Back 9.6 126 13.0 590 5.4
2 Back 21.2 119 5.6 530 5.2 Frozen
2 Back 10.7 120 11.0 620 5.9 Frozen
3 Back 22.3 112 5,0 600 6.2
3 Back 17.8 72 4.1 500 8.0 Frozen
3 Back 16.8 75 4.5 500 7.7
3 Back 22.5 92 4.1 600 7.6 Frozen
Because of a future interest in the application of histochemical analysis to
parts of these biopsy specimens, attempts were made to determine what effect
quick freezing and overnight storage would have upon the testosterone metabo-
lism. The results of this study are shown in Table II.
In one of the seven experiments there is a significant difference between the
metabolic rate of the fresh and frozen samples. However, this one sample (case
5) not only shows a similar amount of testosterone metabolized for either
biopsy, hut also a large discrepancy in DNA content. It is possible that this
represents an error in DNA analysis, for upon examination of Tables I and II
there appears to be a remarkably small difference in the quantity of DNA con-
tent for adjacent biopsies. Therefore, the freezing of the tissue biopsies prior
to their incubations in order to permit histochemical studies on the same speci-
mens seems to he a safe procedure.
A comparison of the metabolic rates between axilla, scalp and back tissue is
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TABLE III
Metabolism of testosterone by human skin front varying sites
DNA/mg. TST TST Met/mg.Subject Area Tissue Wgt. DNA Tissue Metabolized DNA
mx.
7 Axilla 4.7 72 15 370 5.9
7 Scalp 8.1 140 17 250 2.1
7 Back 5.0 72 14 490 7.8
S Axilla 8.6 108 13 210 2.2
S Scalp 6.5 115 18 260 2J
S Back 10.0 100 9.9 290 3.3
9 Axilla 4.1 88 22 610 8.0
9 Scalp 8.0 155 19 600 4.5
9 Back 13.0 100 7.7 570 6J
10 Axilla 3.5 66 19 630 12
10 Scalp 6. 136 21 50 5.6
10 Back 10.0 72 7.0 600 9.6
TABLE IV
Metabolism of testosterone by abnormal human skin
TST
Diagnosis Area DNA D!mg. TST met. Me
DNA
(mg.) ,
11 I'soriasis Back 36 252 7.0 100 .14
11 Normal Adjacent 38 139 3.7 604 1 .5
12 Schorrheie kern- 4 260 60.0 900 1 .2
tosis
13 Ve rruca vulgaris 5 93 19.0 853 3.2
14 Molliiseiim con- 1 121 121.0 130 .37
tagiosum
14 Normal Neck 2 58 29.0 895 5.4
15 Senile keratosis 4 123 31.0 Less than expt. limit
of error
16 Senile keratosis Forehead 3 3.8 .13 Less than expt,. limit
(?) of error
17 Verruca vulgaris 9 104 12.0 838 2.8
17 Verruca viilgaris 9.3 102 11 .0 782 2.7
shown in Table III. In three out of four experiments a similar ratio pattern was
ohtaine1. The absolute amount of testost,erone metabolized does not vary too
greatly within each experiment; however, there is a definite difference in DNA
content. The last, three experiments show that sealp tissue far exceeds that of
axilla and hack tissue in DNA content.
Table IV 'ists the resWt,s obtained from the incubation of various pathologic
specimens. No interpretation can he made from these preliminary studies. It is
interesting to point out that in two eases, where norma' adjacent tissue was
obtained, cases 11 and 14, the absolute amount of testosterone metabolized is
   N I
etabol s  m ar i  ites
 W A/ g..
g 7 7
xil
.6
.6
.6 650
NA / .
l
.
e
r 5
ollu cum .
giosum
r al e . .
D expt
u .3 102 .
l.  ero e t
 three e eri t   t  c
lists t e resul s obtained fro  the i c ti  f i  
c l j t ti  
118 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 2
greatly diminished in the pathologic specimen even though it had approximately
twice the DNA content of that of the control tissue.
The three cases of verruca vulgaris obtained from two patients contained
amounts of DNA quite comparable and they exhibited similar metabolic rates.
It is interesting to note that senile keratosis (ease 15) and seborrheic keratosis
(case 12) lie on extreme opposites in respect to their metabolism of testosterone,
with at least a ten-fold increase of testosterone degraded with only a two-fold
increase in DNA content by the latter. It becomes questionable as to whether
or not any testosterone was metabolized by the former, since the amount de-
graded falls within the experimental limit of error. The diagnosis of case 10
could not he made with certainty between senile and seborrheic keratosis on
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the basis of histopathologic examination. Since it did not metabolize any tes-
tosterone, it might tentatively be classified as senile keratosis pending further
verification.
Figure 2 represents graphically the result obtained from a typical incubation
of skin tissue with 4-C'4-testosterone followed by paper chromatography and
radio-autography. As can be seen, at least 8 radio-active Zimmermann positive
compounds appear. Of these, 5 is residual testosterone and 8 is 64-andros-
tenedione-3,17, as identified by mixed paper chromatography and infra-red
spectrophotometry. The nature of the other metaholites is now under active
investigation.
SUMMARY
1. The above studies have shown that a) Human skin metabolized testosterone.
b) Adjacent biopsies degrade similar amounts of testosterone based upon DNA
content as an expression of cellularity. c) Quick freezing and overnight storage
do not appreciably affect the amounts of testosterone metabolized.
2. Comparisons of metabolic rates by axilla, scalp and back tissues were made.
3. Preliminary data on various pathologic specimens were recorded.
4. The appearance of at least seven new radioactive and Zimmermann posi-
tive substances have been noted by means of radio-autography.
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DISCUSSION
DR. LEON GOLDMAN (Cincinnati, Ohio): This is a very important study and
I hope the beginning of a study on the local metabolism of many different ster-
oids by the human skin, especially the corticosteroids. Although the concern
in this study is mainly with quantitative measurement, we are especially inter-
ested in metabolites of steroids in human skin, and wondered if this study could
not be done with in vivo, by injection of these materials in the human skin, and
then, removal of the specimen at intervals and subjecting these "extracts" to
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partition paper chromatography and finding out what the metabolites are. That
is what the skin actually does to these things. It gives us a clue as to what is
happening in the whole local cellular mechanism of some of these corticosteroids.
I know this is radioactive material. We too have worked with locally injected
C'4 hydrocortisone, and we have excised the local "areas" of injections.
DR. PETER FLESCH (Philadelphia, Penna.): I would like to ask whether the
axillary and scalp specimens were taken from men or women.
DR. RICHARD B. STOUGHTON (Chicago, Ill.): I enjoyed this paper very much.
We have been interested in beta glucuronidase in human skin and have found
relatively high concentrations of this enzyme in the epidermis. (The Journal of
Investigative Dermatology; Volume 23, Number 5, November 1954.) I wonder
if the presenter has any idea whether testosterone is conjugated with glucuronic
acid in the skin as a part of its metabolic cycle.
DR. STEPHEN ROTHMAN (Chicago, Ill.): I would like to ask how the utiliza-
tion of testosterone was measured.
DR. HERBERT H. W0TIz (in closing): About the study of cortisone in vivo, I
think this presents tremendous difficulties. In the first place, I would be some-
what hesitant about giving radioactive steroids to a normal person. Also it
depends a great deal on finding a way of introducing the steroid in such a fashion
as to rule out metabolism by other tissues. I can speak only about testosterone
since we have investigated this quite thoroughly in a variety of tissues. We have
examined a good many and they are all able to metabolize testosterone. We could
not differentiate if the skin alone was involved or the serum and other tissues.
We have recently published on that and the serum is capable of changing tes-
tosterone to androstenedione and other metaholites. This is something we want
to do in the future, hut it will have to he done pending identification of the
metaholites involved. If we knew what they are exaetly we might then go on
and do 'in vivo studies and look for the proper products.
The subjects used were all male medical students between the ages of 20
and 30.
We have doubts whether conjugation is of any great significance in the disap-
pearance of testosterone, but may have a significant role in the metabolism.
We have shown for the prostate that there is a minute quantity of testosterone
glucuronide formed 'in vitro but it certainly does not account for 4'o(j(j the
amount of testosterone which has disappeared.
This brings me to Dr. Rothman's question about the quantitative procedure.
I deliberately went through it rather quickly because it has been published
previously. But what we do is this, we extract the tissue after homogenizing
quite thoroughly with ether-chloroform mixture. This is taken to dryness, par-
titioned between the ligroin and 70 % methanol which remove the fat. The
methanol residue is put into a one cc. volumetric flask and a hundred y applied
to a paper chromatogram and developed in the Savard system for 24 hours. The
residual testosterone is spotted with an ultraviolet hard lamp, eluted with
methanol and quantitated at 240 mj in the Beckmann.
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